Autistic children show elevated serum levels of autoantibodies to several proteins essential for the function of normal brains. The voltage-dependent anion channel (VDAC) and hexokinase-I, a VDAC protective ligand, were identified as targets of this autoimmunity in autistic children. These autoantibodies were purified using immunoaffinity chromatographic techniques. Both antibodies induce apoptosis of cultured human neuroblastoma cells. Because VDAC and hexokinase-I are essential for brain protection from ischemic damage, the presence of these autoantibodies suggests a possible causal role in the neurologic pathogenesis of autism.
Introduction
Autism is a neurodevelopmental syndrome of unknown etiology, characterized by distinct symptoms including marked social deficits, deviant language, and a restricted range of repetitive behaviors that appear within the first three years of life (Volkmar and Pauls, 2003) . The syndrome is associated with abnormal brain development and manifests in several specific regions of the brain, especially the cerebellum, amygdala, and hippocampus (Volkmar and Pauls, 2003; Raymond et al., 2003; Belmonte et al., 2004) . A number of findings strongly suggest immune system dysregulation or dysfunction in autism (Ashwood et al., 2006) . These patients show decreased peripheral lymphocyte numbers, decreased responses to T cell mitogens, dysregulated apoptotic mechanisms, imbalance of serum immunoglobulin levels, and the presence of serum autoantibodies directed against components of the central nervous system (Ashwood et al., 2006) . A possible link between autism and autoimmunity to regions in the brain was first reported in 1971 (Money et al., 1971) . Although the pathophysiological significance of autoantibodies reported in children with autism remains uncertain, various antibrain antibodies occur, including autoantibodies to myelin basic protein (Comi et al., 1999) , neuron-axon filament protein (Singh et al., 1993) , and glial fibrillary acidic protein (Singh et al., 1997) . Elevated levels of antibodies against the neurologic antigens myelin basic protein, myelinassociated glycoprotein, ganglioside GM1, α-, β-crystallin, sulfatide, chondroitin sulfate, and tubulin in the serum of autistic children have also been reported (Vojdani et al., 2002) .
The voltage-dependent anion channel (VDAC) is a small, 30-35 kDa protein, originally discovered in the outer membrane of mitochondria where it functions as the major pore-forming protein (Colombini, 1979) . VDAC is also found in the plasma membrane of a large number of tissues (De Pinto et al., 2003) . In the brain, cell-surface VDAC performs a dual function: (1) maintenance of redox homeostasis in normal cells and (2) promotion of anion efflux in apoptotic cells (Elinder et al., 2005) . A key protein in these mechanisms is hexokinase-I (HK-I), which acts as a gatekeeper maintaining a delicate balance between the opening and closing of VDAC (Oudard et al., 2004; Abu-Hamad et al., 2008) .
Studies in rats show that both VDAC and HK-I are densely localized in regions of the brain, including the caudate nucleus, hippocampus, hypothalamus and cerebellum (McEnery et al., 1993; Roncero et al., 2000) . Several studies have reported abnormalities in both the caudate nucleus and the cerebellum of autistic children (Hashimoto et al., 1995; Kern, 2002; Langen et al., 2007) , but the associated molecular mechanisms ☆ This work was supported by the National Heart, Lung, and Blood Institute, NIH grant HL-24066.
